mTOR is required for asymmetric division through small GTPases in mouse oocytes.
Mammalian target of rapamycin (mTOR) is central to the control of cell proliferation, growth, and survival in mammalian cells. Prolonged treatment with rapamycin inhibits mTOR complex 2 (mTORC2) activity, and both the mTORC1-mediated S6K1 and 4E-BP1/eIF4E pathways are essential for TORC2-mediated RhoA, Cdc42, and Rac1 expression during cell motility and F-actin reorganization. The functions of mTOR in the mouse oocyte remain unclear, however. The present study shows that rapamycin affects mTOR expression and cytoskeleton reorganization during meiotic maturation of mouse oocytes. mTOR mRNA was expressed in germinal vesicles (GV) until metaphase I (MI), and increased during metaphase II (MII). Immunostaining showed that mTOR localized around the spindle and in the cytoplasm of oocytes. Treatment of oocytes with rapamycin decreased mTOR at the RNA and protein level, and altered asymmetric division. Formation of the actin cap and the cortical granule-free domain were also disrupted after rapamycin treatment, indicating the failure of spindle migration. Injection of an anti-mTOR antibody yielded results consistent with those obtained for rapamycin treatment, further confirming the involvement of mTOR in oocyte polarity. Furthermore, rapamycin treatment reduced the mRNA expression of small GTPases (RhoA, Cdc42, and Rac1), which are crucial regulatory factors for cytoskeleton reorganization. Taken together, these results suggest that rapamycin inhibits spindle migration and asymmetric division during mouse oocyte maturation via mTOR-mediated small GTPase signaling pathways.